Tuberculosis is an universal health problem worldwide. In Iraq the problem is aggravated by drug resistance. In Silico studies usually pave the way for more investigations of the real problem .On the other hand Mycobacterium tuberculosis does not lend itself for deep wet lab studies, therefore, In Silico studies must precede many aspects of experimental work. In Silico studies were carried out using most virulent strain and a model of studies M. tuberculosis H37Rv to investigate some of the hypothetical proteins which compromised about 39% of the annotated proteins. The studied Rv hypothetical proteins were distributed among cellular compartment fractions with high existence in the cytoplasmic fraction (about 67%). Major function prediction of these proteins were found in cellular process section using different approaches of predictions .However , some of these proteins were still await to be included in the important databases such as COG and GO which concerned mainly with function annotation.
Introduction
Tuberculosis (TB) still remains the largest killer infectious disease despite the availability of several chemotherapeutic drugs and vaccines. In Iraq the incidence rate was estimated to be 45/100,000 [1] . Antibiotic resistance is very high , in 2008 , it has been estimated that 6.6% of isolates were resistant to four drugs in use ( Isoniazid, Rifampicin , Streptomycin and Ethambutol) [2] , besides the existence of strains which were resistant to momo-, di-,and tri-antibiotics at a high rate , however ,WHO estimated MDR (Multi-drug resistance ) at 3.4% in 2011 in new TB cases [3] . Iraq has been identified as middle TB burden country in the world and ranks 8 th of 22 EMR (Eastern Mediterranean Regions) countries according to estimated incidence of all types of TB [3] .
Despite ever-increasing amounts of biological data from highthroughput experiments and increasing sequencing projects at exponential rates [4] , there is a deficiency in functional annotation for many newly sequenced proteins , for example , in bacterial genomes as many as 40% (OR more) of proteins labeled "Uncharacterized protein" , "Unknown" or "Hypothetical proteins" [5] . The deluge of data needs an efficient computational method to extract information from these data. So , one of the major tasks in post-genomic era of genome annotation is assigning functions of the gene products based mostly on amino acid sequences in order to capitalize on the knowledge gained through these sequencing efforts [6] . Again in Iraq , different studies on TB are carrying on in association with WHO and San Raffaele Scientific Institute / Italy , emphasizing on molecular characterization of Iraqi isolates applying different wet lab techniques [7, 8, 9] , but , there is little information about genetic characteristics of Mycobacteria . In Silico studies are very rare, and it just started aiming to design drugs against strategic targets of Iraqi Mycobacterium tuberculosis strains. This study aims to perform some investigations on hypothetical proteins of the virulent strain M. tuberculosis H37Rv (Rv proteins) .
Materials and methods

Sequence Retrieval :
Hypothetical proteins (List) of M.
tuberculosis H37Rv strain were downloaded from database of this strain (http://www.imtech.res.in/raghava/mycoprint/mtbbrowse.html ), and protein sequence were obtained from Tubercu List database (http://tuberculist.epfl.ch/) .
Prediction of Major Functions of Proteins:
VICMPred server(http://www.imtech.res.in/raghava/vicmpred/submission.ht ml) was used [10] .
Prediction of Subcellular Localization of Proteins:
The Cello available online tool was used in this study "Cello v2.0 http://cello.life.nctu.edu.tw/" [11] .
Annotation via Orthology:
The egg NOG database and egg NOG 2.0 software http://eggnog.embl.de/version_2/ were used [12] , and groups were classified [13, 14] . 
Annotation via Gene
Results
Database for virulent strain M. tuberculosis H37Rv was used to get the protein sequences, and only protein designated hypothetical were chosen, others labeled conserved hypothetical, putative, unknown proteins were excluded. The numbers of hypothetical proteins were 617 out of total proteins 3918, this means that hypothetical proteins consist 15.75%, while conserved hypothetical proteins were 1533 (23.4%). So, all hypothetical proteins compromised 39.13% (Table S1 ). Another batch of hypothetical proteins (Rvs) were exclude as they have been investigated by others [18] .So the work was concentrated on the remaining Rvs (303 proteins) , (Supplementary Table S2 ) . The distribution of studied proteins into major functional groups like : cellular process (Which include cell division , cell envelope biogenesis , cell motility and signal transduction ), information and storage molecules (include transcription , translation and DNA replication) , metabolic molecules (include energy production , carbohydrates , amino acids , nucleotides , lipid transport and metabolism ) , in addition to prediction of virulence factors was performed on all protein are shown in Figure 1 , using VICMPred [10, 19] . Cellular localization of proteins is shown in Figure 2 , using Cello software [11] . Distribution among COG groups shown in Figure 3 . "J, translation, including ribosome structure and biogenesis; L, replication, recombination and repair; K, transcription; O, molecular chaperones and related functions; M, cell wall structure and biogenesis and outer membrane; N, secretion, motility and chemotaxis; T, signal transduction; P, inorganic ion transport and metabolism; C, energy production and conversion; G, carbohydrate metabolism and transport; E, amino acid metabolism and transport; F, nucleotide metabolism and transport; H, coenzyme metabolism; I, lipid metabolism; D, cell division and chromosome partitioning; R, general functional prediction only; S, no functional prediction." GO annotation of proteins is shown in Table 1 , It was possible to annotated 102 proteins (33.66%). Therefore, UniProt database was used to get more annotated proteins as shown in Table 2 . Bacterial pathogens continue to threaten public health worldwide [20] . On the other hand increasing genome sequencing projects needs a development of downstream sciences that take advantage of these sequence information in fields such as comparative genomics , Transciptomics, proteomics , metabolomics and others [15, 16] . The virulent strain M. tuberculosis H37Rv , is one of the pathogens which is worth to be investigated more , this strain was first isolated in 1905 and is the most widely used in tuberculosis researches , the complete genome sequence and annotation was published 1n 1998 by Welcome Trust Sanger Institute [21] . The genome of M. tuberculosis H37Rv contains about 4,000 protein coding genes , of which more than 1/4-1/3 have been annotated as 'hypothetical ' . The genome has a very high "guanine + cytosine" content that is reflected in the biased amino acids content of the proteins [18] . The genome was re-annotated more than once using different Bioinformatics tools. Genes and its products of this strain designated Rv , and upon re-annotation some were changed with extension "c" if they are found on the complementary strand (antisense strand ) [4] and these composed about 334 out of 617 (54.13%) of hypothetical proteins . More than one database are specialized for M. tuberculosis, such as TubercuList (http://tuberculist.epfl.ch/), which is routinely updated. Different M. tuberculosis strains annotated appear to have slight differences in the gene numbers and consequently different numbers of hypothetical proteins [4, 22] . Many attempts were done to characterize and annotate the hypothetical proteins using different Bioinformatics web tools [22] , Doerks et.al., (2012) carried out a prediction of a large number of hypothetical orfeome (497 genes) using different approaches, these gene products (proteins) were associated with different aspects of bacterial activities, by this they raised the functional annotation to about 88% of this medically important bacteria . Although several studies improved functional annotation of open reading frames (ORFs) , considerable fractions are still labeled as 'hypothetical', 'conserved hypothetical' ,'unknown' or other similar terms imply that there is no functional indication [18] , and for this current study was carried out to cover some of these fractions . It is well known that improving the functional annotation is of a great importance for different purposes, such as understanding the pathogencity process and helps in drug and vaccine design [18] . Therefore, computational approaches for prediction of M. tuberculosis proteins can be used to complement the existing wet lab techniques, such predictions provide a method to annotate M. tuberculosis Rv proteomes with Subcellular localization and functional information rapidly. After BCG introduction in 1921 till now , we do not have any promising vaccine against tuberculosis , so the membrane proteins predicted (see Figure 2 ) can be more investigated and exploited as candidate for vaccine development , these proteins was subjected to initial check (hydrophobicity / data not shown) and seems to be promising . The other approach used in this study was the annotation via orthology use eggNOG this dependent indirectly on GO. The resulted groups seems to be in general agreement with the major functional classification (see Figure 1 and Figure 3 ). In this approach, proteins in different species can be combined into orthologous groups, which are known to be appropriate for functional analyses and annotation of newly sequenced genomes as the orthologous genes tend to have the same functions [23] .
The bulk of hypothetical proteins belong to orthologous group as defined by eggNOG, and thus is amenable to comparative analysis [18, 24] The other approach used in protein functional prediction was Gene Ontology. GO is one of the greatest contributor to the area of functional annotation and play a critical role in modern biology and cover many organisms from different kingdoms. In this study the newest GO database (Release 2013) was used, but most of the proteins still annotated as uncharacterized proteins, OR they are not included in the database yet. UniProt database was used to get annotation of more hypothetical proteins (as shown in Table 2 ) , some proteins were annotated , which are in agreement with AmiGO prediction (Rv0008c, Rv0298, Rv0300 , Rv0550c, Rv0582, Rv0948c, Rv1103c, Rv1113, Rv1885c, Rv2142c, Rv2253, Rv2274c, Rv2549c, Rv2550c, Rv3428c, Rv3849) , however , GO annotations were more informative . For pathogenic organisms, hypothetical proteins hamper the research for new and effective drug targets, and weaken understanding the pathogencity processes and full understanding the virulence [20] . Now, the global burden of TB has taken a new dimension due to the emergence of drug resistant varieties of M. tuberculosis besides synergy of HIV [25] , which capitalizes the necessity of more researches.
Conclusion
Although plain annotation of hypothetical proteins is beneficial, but, this field still needs more and more efforts ,such investigation of conserved , unknown , putative and other proteins . Advanced research needs to characterize the predicted proteins more deeply using sophisticated software and specialized databases such as pdb and performing docking studies [26] . It is strongly indicated that communication mechanisms are existed in cells [27] . These can be exploited to design drugs to disturb the signal transduction pathways and shove the drug resistance away.
